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Besulti” are ~lven of i?av6rted=Bp3n tqsts of 44’ alr-
p~ane tiodels in the MAOA 16-feet and -20-feat -free-epinning
tunnels. Phe dati~ tndioated that spins normally were
steep and recovery. by sudder. rov.ersal generally was rapl’d~
Pulling the stiok hack diminished the tendenoy for the
models to Spin+ Defleotlng ailerons and rudder together
tende~.”to pteventi””the spin and orosslng theee oontrols
tended to retard .reco?eryh

●

IMTR09UOTIOH ~ . “

..
, Inver~ed-splnteets of approximately 50 airplane

modele have “been made oyer.a period of aeyeral year~ In
the ITAOA .15-.foot and 20-foot free-ephnlng tunnels. “The .
data for 44 of theee medals have .been oollocted and are “
presented In the pre8ent..report. A d8t8i~ed analymie. of
the data im ~ot wide: howerer, meyeral well-@efined tregde
are pointed outi Bpeoial eqphas~s i? gi~en to the effeots
of all,eron deflection on the recoyerycfrc!m the @pin be-.
“oatise relatively ”llttle attention has ~~en givem”thte “.
aspeot in reported flight tests o,f ~~pve.rtsd.spins..(rafer- -
enoee 1 aad 2).

,

The t$pe aad mass @araot9ris’jieq of ~helalrplanee
for which-model te~t results are presented arqi.given in
tat)le.I. The modeln represented oonven$ional ”mbnoplanee .
with thQ-exeaptioa of m biplane (X3M-.3)~ a tallle~s’alr- .
plane (~-S6), and Q qanard aipplane (OW244). Beo&use
both..el~gla-eagi~ end .mul,~$engla,e.deslgne were .testpd,
a wlde”saage .Qf.*f3s distr~butlon wa~ cowese43 . . - .:

~he eonst&otton of spin”modole ’ts”de~o~i~od In . “
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detail %n ref ersn~.e ,3. ;.%!h.q““mg@pl.EJ.eonqtruc~ed prinoi~? ....l.
pally of balsa, were ballasted for” dyna’tiiosimilarity to
the ,corresponding airpldnb: by “the Installat ion of proper

“. ~tidi~hts.ht suitable .l,qoat$a~s.●; -A remet e-oon.tr-ol.meoha-9
nlsm served to move the rudder (or rutlder’s) durtng the’
reoovery testk.”. The maximum, am~lar dkfleot 1ons of the
oontrole used on eaoh model w~re the same “as f or the air-
plane represented.

The models represented t“he airplanes in the normal
loading cond%tion. For the tests herein considered, the
Elaps were neutral and the landing gsars were retraoted

‘ except for the airplanes with nonretraotable landing gear,

TESTI19G PROCtiURE . ,.
.

‘ The testing procedures tn.bot~. the”EAOA ll%foot.~nrl
the HAOA 20-foot free-spinni~g tunnelq are essentially as
desarlbed In referenod 3. With the elevator and ailerons
fixed in the dnsired positions and with the rudder (or
rudders) set full with the deSlred spin. the modol is
launohed by hand with an initial rotation in the dlreotion
of the spin. Recoveries are attempted by a rapid reversal
of the rudder (or rudders) from full with the spin to full

. against the sp~n. Photographic observations are made dur-
Iqg %he steady spin of the acutie angle a between the
%hruet axis and the vertical (approximately bqual to the
abdol.ute valuet of? the angle of attack at the plane of sym-
metry). Visual and photographlo ~bservations are also
made of the number of turns for %.ecovery II, which iS
defined as the “ntimfierof turns the spinning model makes
between .the time th”e co~trols’are
spin rotation o’ea”s%s. “

I?REO16.XON

no~ed” an~ the time *he

5!he angle a oan be measured withiu 1° and the num-
ber .of ~eeovery turns with4n”l/4 turn, exoept for oertatn
cases in which thb model is dlffioult to handle in the
tunnel beoause of the wandbring or oscillatory nature of
the spin. u- : “ . .

.
Comparison between’ m,odeland aimplane results for

erkct sp-ins (refere”nem” 3) lridlcat~.s%ha”t, beoause of soale
and tunnel e~fqots$ hack of detail tn the model, and dlf-

. . .

. .
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‘fer.enoeq ;n ~eohmlque~, the “sp~k-ttinol results are not
“?,.alkayta.~a. a~mplete,~~eegep~ti with results for the actual

alrpkne~ Yor a g“lyen Ioa&lrig’””o’i-ridl%iori‘irid“o-optr01. eet-
tlng, somewhat s“maller.angles” of attack were generally -

-‘obtained with the modbls than w Ith the airnlane”e ● .A oom-
&- - .- ,

JI
,

.,

. .

parieon of free-e~lan~ng uiml~tunnel results with .ciorre-
fJpomlin”g full-i.oalq’ .sp~n resultie “(unpublished) showed that
80 peroent . of %-he model reeovqry teet8 pred.loted 6at16fao-

i torlly ..the~reooverle~ of the oorrds~oadlng airplanes and
that 10 per.oeht Ovdres%imated and 10 per”oent underesti-

.-mated t+e number of turzy raquired for reomesy of the
“,. ai~planqs. Altt.tioughmost of the” dlsorepanoleta. have re”-

mainod une~lained~ It may’ be ausumed that the agreement
would b.e of the same ordqr for inverted #pins.

. ...
. .

“EEISULT6 Am DISOUSSIOl!7 “

Tho reeulte of tho ~“qverte”d-Bpla “tests are p~esented
.in table II, in whloh the oohtrol d’eflectlons are given

In terms of rudder-pedal and’stiok di~placements. .In
addition to the results for tepte with the normal oontrol
configuration for spinning inverted - that Is , one. rudder
pedal forward, tlig stick neutral I.aterally and forward
,loCgltudlnally (rudder full with spin, ailerons neutral B
and elevatob up with r.espeot to the “ground) - results are
alao shown for tests made with” varioue oaombtnatio.ne of
full latera.lj.and longitudinal displacements of the oontrol
stick. ‘ . .

\ ....

2W*U-;O1 ~ ~ -osit~~.- An afiminat”ion of table
II shows that approximately 20 percent of the models yould
not EIpin.inverted.with the normal oontrol configuration

. for sp@ning invsrted. Zhe spins for all the mo~ele ex-
jc9~t one were steey (small. a“~s) and. reoover2es were rapidm
“.~hese reiiults’were obtained probably hdeause, for a oon--.
.Ventlonal taill..layout, most of the vertloal tall Surfaoe
.i:~,:nots~ibld.ed.by the tail plane when the modblls spin-
aizig Inverted and. the. tal L.@rn~lng-powet t’aotgr (reference

.“ 4) “.ls”..therefore relatively .hrge. .The walu@is of .’this fao-
torn.akg glben in table .1 an@ are considerably greater than
the Ialnimum design valuo of 0+OO0150speolfied In referenoe
4. Hov$ng.,thq qtiqk-.rqarwart - that- 1s’, moving the ele-
vator dowq “wl%h.rerpdat to the grour@’ -. tended to prevent
the Inverted epin~ Thie result tende to corroborate the
stdtement made in reference 5 that, when aa airplane to

“ ~n an itnverted iip$n, mmovlqg ti+e atiok rearward will gener-
ally cause reqovery~

—Imll- ■

.

. ..-.. — . . . . . . . -.. .-.. —
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The lateral displacement of the stiok also ha@ a pro-
nounced effeot on the behavior ,of’the models In Inverted
spins. Setting the controls. together (fig, 1) - that 1s,
stiok right for a spin made with right rudder pedal for-
ward (setting the-ailerons against the rotat$on of the
Ihrerted model) - generally prevented the in?erted spin
regardless of the Iongitudtnal Iacatlon of the stick (ele-
vator deflection), Crossing the controls - that 1s,
stick left for a spin made with the right rudder pedal
forward (putting the ailerons with the spinning rotation
when inverted) - however; had tha oppoelte effect, because
spins oould then be obtained with all models, Thege spins
were somewhat flatter and had slower reaoverles than spins
with the stick neutral Ilaterally, especially when the
stick was alflo forward. with the stiok left and forward
and tho right rudder pedal forward, reoovery by rudder re-
versal alone waO impossible in many cases.

R~~~ tr
aileron deflection on sPinninq.- It was concluded in ref-
=== that, for erect spins, the mass distribution of
the airplane is a primary factor In determining the effect
of aileron deflection; that is, for single-eng~ne airplanes
with the mass distributed mainl~ along the fuselage (moment

B of inertia about Y-axis Iy appreciably greater than that
about X-axis Ix), recovery was Improved by setting the
controls together (ailerons with the splnnlng rotation
when erect). Far multlengine airplanes or for the present-
day single-engine airpla~es with wing armament and wing
fuel tanks (Ix greater than Iy), however, orossing the
controls (ailerons against the spinning rotation when
erect) had a favorable effect on recovery. .

Although the” models tested In inverted spins covered

,.. a wide range of mass dlstribut~on, thero was no” point at
which the effeot of aileron defleotlon revereed~ l’or all‘.
the models, eettlng the controls together was benefloial
and cro8sing them was advere.e, Although mass distribution
is a prine factor in determining the effoat of aileron
deflection for ereat spins, it appears to have, within the
limits of present-day design, little Influence on the ef-
fect of aileron deflection In the inverted spin.

APFIIIOATIOM TO IFUIIL-SOAL3 SPIMNIMG

.

Although the model test re~ults”generally Indicated
more rapid recovery f~om Inverted than from erect spins,
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several considerat ions.”.indioatb that sptnnlng mirplanes
- - inverted may be relatlvtily hasardoum. Some of the factors

Iri+ol+iti-mgire-” “ ‘;:;-“;. “ - ..e: .-- .. -:---.
,.- :. ..

0“ “.(1) BeeauBe.Of .ihe”~i~h Irk{e.. :of~kdkqent: .~n~lcat~d
E=

3

. b~ t’hemodel te~t resulto; tho ‘oontrol forces... . .
‘may .lj.eso ‘hZgh - tliat the pilot. oann.ot .&q.fl.eot.... .. ..
the oontz.o~w .66 .$’ea%redi. . .... , . - .,.. . .-“.,, ,. ...,-, .=

. . . . . . ; (2). %~lezzt .o#kilJ.ati~ria df thj;;ir.p-ne may con-., .-
f%sti th; ”pildt a“nd prevent hl; mqk$qg”the

,:.. .

. .

#

.,

,

...+ desired oontrol movements. ...-... .. . ,.. . ...“ . . . . .

Bktiarise.!b these ‘~ossib~e ~~gf.1’ctzl%ies,.~re-oautl;ns ‘ohoul~
be “taken to enable” the pilot to move the oo.ntrols to the
desired. positions. The abillty of the SIlot to move the
oontr.ols’ can be “i.mpro+ed ~f properly adjusted. safety %elt;,
ch,est”and shoulder harness , and toe.. gt.r.aps are utaed,

.

,) .(joMoLusIq8, , ... . .,:-.,,. ... . .,, ,.. ..... . .- .-
,. ‘.I.nverte~-~ii tetit; of 44 m“o&lm’.Szu*t~e’EA~ 15-foot
and 20-fobt free-s pinn.lng.tunnels Indioated the. following
-Oo.nolus:lona: “ : ..‘ ... .. ,. z

.. . .

c 1. The. Inverted s~ink we~b usually steep an~ there-
fore the rate of detaoent was relatively high. For the nor-
mal oontrol position for spinning inverted (stiok laterally
neutral and longitudinally forward, rudder with the spin},
reoover~ by reversal of the rudder alone generally was ‘
rapid.

2. Pulling the stick back dlmlntshed the tendenoy for
the models to spin.

3Q !he aileron efteot was quite marked. The results
of the tests obtained with the models eplanlng inverted
Irdioated that, within the range ox mass distribution of

7
resent-day airplanes, setting ths oontrols together
ailerons and rudder in the came dire~tion) tended tO pre-

vent the izmerted spin and orosu$ng theme oontrols retard-
bd ~e6dVbry from-the Iztvewted ●.ptn+ .. . .. ...

4. ~eoause of praotioal faotors, Inverted spine may
be hasardous and tests should be approached with eaution-

Langley Hemorldl Aeronautloal Laboratory,
19atZonal Advisory OommZttee $or AeronautZoo,

tingley Fteld, Vs.,

~..–.–.. -..
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TABLE I. - DIMENSIONAL AND MASS CHARACTERISTICS OF AIRPLANES REPRESENTED BY MODELS

—-

Alrplane Number Of Numbs r VerticalwingTalldamping- Alrplane Moments of ~lnertia
repra - vertical of location span ower factor maae (S1Ug-ft
aented talla wlngm of Whg (m) :h::vnmo:; la (Slugs) Ix Iy Iz

(a)

XF2A-2 1 Hld 35 0.001042 166 2,110 3,410
F2A-1 1 ; Mld 35

5,080

%3H-3
.001042 158 2,095 3,440

2 High-low 34
XF5F-1

.000546
5,130

1,583 2,362
; 1

3,487
Low 42 .000916 2Z 10,787 7,174 1’7,264

XFL-1 1
XP-40

1 Low 35 .000499 193 2,’750 4,560
Low

6,890
37.29 .001043 212 2,172 6,744

XSB8A-1 : ;
8,602

Mid 47 .000812 315 10,204 17,714 27,019
XSW?C-1 1 1 Mid 50 .000600 316 8,150 13,475 20,470

g:-;2 1 Law 40.03 .000865 133 2,492 4,170 6,293
1 i Low 41.51 .001442 236 4,841 8,692 12,544

B-2; 1 1 High 65 .001055 826 63,651 69,’798 129,371
A-20 1 1 High 61.33 .001852 592 33,706 24,55’7 55,287

XBT-13 1 1 Low 42 .000935 131 2,659 4,122
XBT-11

6$201
1 42 .000508 137 2,700 4,360

0-52 : 1 H~g: 40.79
5,900

XP-46
.001169 158 3,705 4,970 7,580

1 1 Low 34.33 .000924 210 3,285 5,540 8,550

XP-50 2 1 Low 42 .001218 324
P-44

13,793 7,582 21,210
1 1 Low 38 .001710 270 4,903 8,130, 11,819

XP-56 o 1 Mid 40.59 ---.--
XTBU-1 1

- 316 9,313 6,834 15,635
1 Mid 57.18 .000995 410 i12,543 23,969 34,911

XTBF-1 1: 1 Mld 54.17 .000379 411 11,784 21,156 31,183
YP-43
XP-47B

Law 36 .001680 214 3,439 5,769
; i

8,557
Low 40.78 .001835 369 1Z,867 13,047 25,841

bT-14 1 1 Low 41.02 .000649 139 2,741 4,237 5,681

XP-60 1 1 Low 41.44 .000627 288 8,920 9,181 17,224
XP-61 2
XAT-15

Mid 66 .000962 800 53,494 35,082 83,423
1 i High 59 ● 68 .001636 379 20,370 19,934 37,736

XP-59 2 1 Mid 40 .003780 348 6,330 8,320 14,000

P-Z9D 1 Low 34 .oo1151
XAT-13 :

230
1 Mld 52.5

5*=31 6,0771 10,704
.001166 328 15,600 11,0161 25,1133

CW24-B 2 1 Low 36.58 .000092 lol
E-3 1

1,410 4,052
1

5,042
Low 95 .001301 795 66,668191,690 150,420

XP-63 1 1
XP-67

38.33 .oo132a
1 E 55

231 6,340 7,642 ‘ 13,202
1 .001116 629 41,989 /25,596 63,625

P-40E 1 Low 37.29 .000958 266 5,430 ‘ 7,827 12,505
P-40F 1 i Low 37.29 .000958 264 5,029 7,899 12,146

X3B3C-1 1 1 Low 51.95 .001052 436 16,100 20,800 35,200
XP-69 1 1 Mld 52 .001910 559 26,446 49,174 ‘73,746
SNC-1 1 1
XP-62

Low 35 .002150 113 1,242 2,863
1 1 53.65

3,937
Low .000706 452 13,241 22,545 33,714

XF6F-3 1 Mld 42.83 .C)O0878 344 8,787 11,563 19,950
X3B2D-1 : 1 M%d 46 .002180 454 13,934 25,533 37,832
XP-60A 1 Low 41.3% .001367 294 7,931 10,690 17,636
XF14C-1 1 : IOw 45.6 .000965 396 11,713 14,743, 24,338

aTail damping-power factor ie defined fn reference 4.
bmta presented am for landplane Vep810n*
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